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ABSTRACT
BACKGROUND AND PURPOSE: Coronavirus disease 2019 (COVID-19) is increasingly being recognized for its multiorgan involvement,
including various neurological manifestations. We examined the frequency of acute intracranial abnormalities seen on CT and/or
MR imaging in patients with COVID-19 and investigated possible associations between these ﬁndings and clinical parameters, including length of hospital stay, requirement for intubation, and development of acute kidney injury.
MATERIALS AND METHODS: This was a retrospective study performed at a large academic hospital in the United States. A total of
641 patients presented to our institution between March 3, 2020, and May 6, 2020, for treatment of coronavirus disease 2019, of
whom, 150 underwent CT and/or MR imaging of the brain. CT and/or MR imaging examinations were evaluated for the presence
of hemorrhage, infarction, and leukoencephalopathy. The frequency of these ﬁndings was correlated with clinical variables, including body mass index, length of hospital stay, requirement for intubation, and development of acute kidney injury as documented
in the electronic medical record.
RESULTS: Of the 150 patients, 26 (17%) had abnormal CT and/or MR imaging ﬁndings, with hemorrhage in 11 of the patients (42%),
infarction in 13 of the patients (50%), and leukoencephalopathy in 7 of the patients (27%). Signiﬁcant associations were seen
between abnormal CT/MR imaging ﬁndings and intensive care unit admission (P ¼ .039), intubation (P ¼ .004), and acute kidney
injury (P ¼ .030).
CONCLUSIONS: A spectrum of acute neuroimaging abnormalities was seen in our cohort of patients with coronavirus disease 2019,
including hemorrhage, infarction, and leukoencephalopathy. Signiﬁcant associations between abnormal neuroimaging studies and
markers of disease severity (intensive care unit admission, intubation, and acute kidney injury) suggest that patients with severe
forms of coronavirus disease 2019 may have higher rates of neuroimaging abnormalities.
ABBREVIATIONS: COVID-19 ¼ coronavirus disease 2019; SARS-CoV-2 ¼ Severe Acute Respiratory Syndrome coronavirus 2

S

evere Acute Respiratory Syndrome coronavirus 2 (SARS-CoV2) infection, which causes coronavirus disease 2019 (COVID19), has been shown to have multiorgan manifestations, with
involvement of the lungs, heart, kidneys, liver, and CNS.1-10
Emerging small cohort studies have demonstrated myriad neuroimaging manifestations related to COVID-19, including stroke, hemorrhagic necrotizing encephalitis, and leukoencephalopathy.6,9-12 A
previous study by Mao et al5 demonstrated a high rate of neurologic
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symptoms in patients with COVID-19 and severe respiratory disease.
A recent study by Jain et al13 also described a spectrum of neuroimaging findings associated with COVID-19 and found that patients
with acute strokes had a higher mortality risk.
However, it remains unknown exactly which clinical parameters are associated with intracranial abnormalities, in
part, because patients with COVID-19 can present with a
wide spectrum of laboratory and clinical findings of varying
severity. Our aim was to evaluate the frequency of neuroimaging findings in patients with COVID-19, define the types of
abnormality present, and investigate possible associations
between neuroimaging abnormalities and different clinical
parameters. Our hypothesis was that the presence of intracranial abnormalities, such as intracranial hemorrhage, infarction, and leukoencephalopathy, would be associated with
clinical parameters suggestive of more severe disease, such as
length of hospital stay, intensive care unit admission, and
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examinations were performed on either a Revolution CT (GE Healthcare)
or a Force CT (Siemens) scanner.
Noncontrast CT studies of the head
were axially acquired (120-kV/automAs) at 5-mm- and 1.25-mm-thick
slices, and imaging was obtained from
the level of the skull base to the vertex.
Soft tissue and bone algorithms were
available for review with 1.5–2-mmthick/interval coronal and sagittal
FIG 1. Examples of intracranial hemorrhages in patients with COVID-19. A, An axial noncontrast
reconstructions.
CT of a 42-year-old man demonstrates an acute intraparenchymal hematoma in the right cerebelCT angiogram images of the neck
lar hemisphere, with severe mass effect and effacement of the fourth ventricle; multiple areas of
layering hemorrhage are seen within the hematoma (arrow), suggestive of an underlying coagulwere obtained from the level of the
opathy. B, Noncontrast CT of an 84-year-old woman after a fall shows scattered, curvilinear
aortic arch through the superior orhyperdensities along the right superior frontal sulcus and left central sulcus, most consistent with
bital rim with 0.625–1.25-mm-thick
acute subarachnoid hemorrhage. C, SWI of a 41-year-old man demonstrates scattered foci of susslices (120-kVp/auto-mAs), after a
ceptibility effect in the bilateral frontal and parietal lobes (arrow), most consistent with
microhemorrhages.
dose of 80-100 mL of iohexol
(Omnipaque; GE Healthcare) or iopamidol (Isovue; Bracco), 370 mg/
intubation. Given that acute kidney injury in patients with
mL administered by a power injector at a rate of 4-5 mL/s.
COVID-19 has been reported to be associated with vascular
Coronal and sagittal reformats with 2-mm-thick slices were
injury (thrombi and endothelial damage),14 we also hypothereconstructed. MR imaging examinations of the brain were
sized that the presence of acute kidney injury may be associobtained on either a 1.5T Signa scanner (GE Healthcare) or a
ated with a higher incidence of cerebrovascular abnormalities.
3T Skyra scanner (Siemens).
MR imaging sequences performed included axial DWI, axial
T2 FLAIR, axial T2WI, axial SWI (susceptibility-weighted imagMATERIALS AND METHODS
ing), and sagittal T1WI. Intravenous contrast was used in a subset
Study Cohort
This was a retrospective institutional review board–approved
of studies.
study performed at a large academic hospital in the United States.
Image Evaluation
Between March 3, 2020, and May 6, 2020, a total of 641 patients
All CT and MR imaging examinations obtained during the hospireceived medical care at our hospital for COVID-19. Included in
talization of patients for COVID-19 were reviewed by 2 neuroraour study were all patients at our hospital with documented
diologists. Intracranial abnormalities, including the presence of
SARS-CoV-2 infection diagnosed by reverse transcriptase–polyhemorrhage, acute or subacute infarction, and/or leukoencephalmerase chain reaction and who underwent CT and/or MR imagopathy (Figs 1 and 2) were recorded. For intracranial hemoring for the evaluation of neurologic symptoms. Exclusion criteria
rhages, the compartment of intracranial hemorrhage (SAH,
included patients with suspected COVID-19 who ultimately
subdural, epidural, intraventricular, or parenchymal) was
proved to be COVID-19–negative by the combination of negative
defined. The relative size of parenchymal hemorrhage was
reverse transcriptase–polymerase chain reaction results with negrecorded (microhemorrhage versus lobar hemorrhage).
ative clinical and thoracic imaging criteria, and patients with
Microhemorrhages were defined as foci of susceptibility
COVID-19 who underwent CT and MR imaging with substantial
effect that were not evident on other sequences such as T1WI
artifact, precluding diagnostic assessment.
or T2WI. The imaging studies were also evaluated for the
presence of acute or subacute infarctions with the location
Clinical Data
Basic demographic information, including age, sex, and body
and vascular territory of the infarct recorded. The presence of
mass index, was obtained from the electronic medical record and
acute WM injury and/or leukoencephalopathy was also
recorded, defined as restricted diffusion with corresponding
recorded for each patient. Clinical data, including length of hosT2 FLAIR hyperintensity within the WM.15,16
pital stay, need for intensive care unit admission, need for intubation, clinical diagnosis of acute kidney injury, and death, were
Data Analysis
recorded for each patient. The indication for neuroimaging evalA Fisher exact test was performed to evaluate for potential associuation was recorded for each patient. The length of stay was
ations between the frequency of recorded neuroimaging abnorrecorded up to May 19, 2020.
malities and clinical parameters, including the length of hospital
stay, intubation status, and acute kidney injury. A 2-tailed t test
Imaging Technique
was performed to evaluate for significant differences in patient
All CT examinations were obtained on 64-section multidetector
age and body mass index for patients with negative versus posirow CT scanners with protocols that included noncontrast CT of
tive neuroimaging studies. P , .05 was considered statistically
the head and CT angiograms of the head and neck. CT
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significant. GraphPad Prism (GraphPad Software) was used for
statistical analysis.

RESULTS
A total of 150 patients with COVID-19 diagnosed by reverse
transcriptase–polymerase chain reaction underwent neuroimaging at our institution. Among these, 141 patients had a CT scan,
21 patients had an MRI, and 31 patients had both CT and MR
examinations. None of the patients was excluded from the study
for suboptimal imaging. One of the patients had an MR

FIG 2. Examples of acute infarcts in patients with COVID-19. Axial
DWI (A) and corresponding apparent diffusion coefﬁcient map (B) of
a 50-year-old woman demonstrate restricted diffusion related to an
acute left posterior cerebral artery territory infarction. The left temporo-occipital region (arrowhead), left hippocampus, and the left
cerebral peduncle (arrow) are involved. Axial DWI (C) and ADC (D)
images of a 24-year-old man shows a small, subtle focus of restricted
diffusion in the right putamen (arrow), most consistent with an acute
infarct.

examination that was motion degraded, but the imaging quality
was deemed adequate to rule out acute intracranial abnormalities.
The same patient had a follow-up MR imaging 16 days after the
motion-degraded, initial MR study, which also did not demonstrate any acute or subacute intracranial abnormalities. Twentysix patients (17%) had an abnormal neuroimaging study; the
remaining 124 patients (83%) had no acute intracranial abnormality. The mean age (1/ standard deviation) of our cohort
was 63.6 6 16 years, with a range of 22–96 years. There were 98
men and 52 women enrolled in the study (Table 1).

Table 2: Summary of clinical presentation, imaging indications,
and findings
Clinical Presentation
n/N (%)
Respiratory symptomsa
21/26 (81)
Fever
7/26 (27)
Headache
2/26 (8)
Fall
2/26 (8)
Stroke symptoms
2/26 (8)
Multiple concerns
12/26 (46)
Imaging indications
Altered mental status
14/26 (54)
Concern for infarct
8/26 (31)
Concern for intracranial hemorrhage
1/26 (4)
Hypoxia
1/26 (4)
Seizure
1/26 (4)
Headache
1/26 (4)
Imaging ﬁndings
Intracranial hemorrhage
11/26 (42)
SAH
2/11 (18)
Intraparenchymal hemorrhage
2/11 (18)
Microhemorrhage
7/11 (64)
Infarction
13/26 (50)
ACA territory infarction
0/13 (0)
MCA territory infarction
5/13 (38)
PCA territory infarction
2/13 (15)
PICA territory infarction
1/13 (8)
Borderzone infarction
1/13 (8)
Multiterritorial infarction
2/13 (15)
Leukoencephalopathy
7/26 (27)
Multiple abnormalities (infarction 1 hemorrhage)
4/26 (15)
Note:—SAH indicates subarachnoid hemorrahge; ACA, anterior cerebral artery;
MCA, middle cerebral artery; PCA, posterior cerebral artery; PICA, posterior inferior cerebellar artery.
a
Including shortness of breath, respiratory distress, respiratory failure, and
hypoxia.

Table 1: Comparison between patients with coronavirus disease 2019 with and without intracranial abnormalities
Acute Intracranial
No Acute Intracranial
Statistical Signiﬁcance
Abnormalities
Abnormalities
(P Value)
Patients, n
26
124
Men/women, n
16/10
82/42
–
Mean age, mean 6 SD, y
63.6 6 16
64 6 16.5
ns (P ¼ .896)
Age range, y
24–87
22–96
–
27.9 6 5.3
28.5 6 7.7
ns (P ¼ .655)
Body mass index 6 SD, kg/m2
Length of stay 6 SD (days)
24.9 6 12.8
23.4 6 16.9
ns (P ¼ .091)
Intensive care unit admission, % (n)
81.5 (22)
62.1 (77)
(P ¼ .039)a
Intubation rate, % (n)
77.8 (21)
49.2 (61)
(P ¼ .004)b
Acute kidney injury rate, % (n)
76.9 (20)
53.2 (66)
(P ¼ .030)a
Mortality rate, % (n)
23.1 (6)
12.1 (15)
ns (P ¼ .209)
Note:—SD indicates standard deviation; ns, not signiﬁcant; y, years.
a
P , 0.05.
b
P , 0.01.
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hospitalized as of May 19, 2020, with
52 patients (42%) without intracranial
abnormalities and 12 patients (46%)
with intracranial abnormalities still in
the hospital.

DISCUSSION
The results of this study highlight a
spectrum of neuroimaging findings
associated with COVID-19, including
intracranial hemorrhage, infarction,
FIG 3. Leukoencephalopathy in a 61-year-old man with COVID-19. Axial DWI (A) and apparent diffusion coefﬁcient map (B) sequences are notable for extensive, conﬂuent areas of restricted difand leukoencephalopathy, in a 150fusion (arrow) that involve the bilateral centrum semiovale and corona radiata. (C)
patient cohort. In our cohort, 26 of
Corresponding T2 FLAIR hyperintensity is also seen.
the patients (17%) were found to
have intracranial abnormalities, of
which most were related to infarction (50%) and intracranial
For patients with intracranial abnormalities, the most comhemorrhage (42%). Leukoencephalopathy was seen in 27% of
mon symptoms on presentation were respiratory (21/26 patients
the patients. Four patients (15%) had both infarction and intra[81%]), including shortness of breath, respiratory distress, respicranial hemorrhage. The incidence of intracranial abnormalities
ratory failure, and hypoxia (Table 2). This was followed by fever
in patients who underwent neuroimaging was lower than the
(7/26 patients [27%]), headache (2/26 patients [8%]), fall (2/26
47% rate reported from Italy by Mahammedi et al.9 The frepatients [8%]), and stroke symptoms (2/26 patients [8%]).
quency of infarctions and intracranial hemorrhages was higher
Twelve of 26 patients (46%) presented with multiple symptoms
in our patient cohort than the previously reported rates (31%
(Table 2). The indications for undergoing neuroimaging most
infarction and 6% hemorrhage), with a lower rate of leukoencecommonly included altered mental status (14/26 patients [54%])
phalopathy than the 35% in the study by Mahammedi et al.9
and clinical findings consistent with stroke (8/26 patients [31%])
The difference in the incidence rates is likely due to various fac(Table 2).
tors, among them the inclusion of spine imaging by
In the patients with positive neuroimaging studies, intracraMahammedi et al,9 the different geographies and, therefore,
nial hemorrhage was seen in 11 patients (42%) of the cohort
populations, and possible differences in criteria used to catego(Table 2, Fig 1). Most of the patients with intracranial hemorrize intracranial abnormalities.
rhage had microhemorrhages (7/11 patients [64%]). Two patients
Microhemorrhages have various etiologies, including cerebral
(18%) had SAH, and 2 had intraparenchymal hematomas. Acute
amyloid angiopathy and trauma. Two of the patients had imaging
or subacute infarctions were seen in 13 patients (50%), with the
studies that predated the COVID-19 pandemic, one from 2007
most frequent territory of involvement being the MCA territory
and the other from 2017. The patient with the more recent, 2017,
(38%) (Table 2, Fig 2). A smaller subset of patients had infarcts in
previous study was 87 years old and had evidence of cerebral
other territories, including posterior cerebral artery (2/13 patients
amyloid angiopathy on that study. However, this patient had an
[15%]), posterior inferior cerebellar artery (1/13 patients [8%]),
acute infarct on the neuroimaging obtained during admission for
and watershed (1/13 patients [8%]) infarcts. Two of the
COVID-19. The other patient was 69 years old and had a solitary
patients (15%) had multiterritorial infarction. Four of the
focus of microhemorrhage in 2007, with a marked increase in the
patients (15%) had both infarction and intracranial hemornumber of microhemorrhages on the 2020 COVID-19–related
rhage. A leukoencephalopathy pattern was identified in 7
study. The remaining 5 patients had no previous neuroimaging
patients (27%) of the cohort (Fig 3). None of the patients
studies. These 5 patients spanned an age range of 41 to 60 years.
with leukoencephalopathy had intracranial hemorrhage or
Given that cerebral amyloid angiopathy is less common in this
infarction. Similar frequencies of respiratory symptoms were
age group, we doubt that cerebral amyloid angiopathy was the
noted between the groups of patients with intracranial hemcause of the hemorrhages observed in these patients with severe
orrhage and/or infarction (17/20 patients [85%]) compared
COVID-19 infection. The distribution of the microhemorrhages
with those with leukoencephalopathy (6/7 patients [86%]).
was also not specific for other causes, for example, trauma. By
One of the 2 patients who presented after a fall had SAH (Fig
contrast, 1 of the patients with SAH on imaging presented after a
1B). The other patient who presented after a fall had acute infall, with trauma clearly acting as a confounder for the potential
farction but no intracranial hemorrhage.
cause of the hemorrhage.
Statistically significant associations were found between the
A significant association was demonstrated between the prespatients with positive neuroimaging studies and the requirement
ence of acute abnormalities on neuroimaging studies and the sefor intensive care unit admission (P ¼ .039), need for intubation
verity of disease as indicated by the requirement for intensive
(P ¼ .004), and development of acute kidney injury (P ¼ .030)
care unit admission, the need for intubation, and development of
(Table 1). There was no statistically significant difference in
acute kidney injury. These associations have not been previously
patient age, body mass index, length of stay, and mortality in
described in the literature; however, Mao et al5 noted an associapatients with positive versus negative neuroimaging studies
tion between abnormal neuroimaging studies and patients with
(Table 1). Comparable numbers of patients remained
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severe COVID-19 lung manifestations. These data add to the
growing body of literature that indicates the multisystem nature
of the SARS-CoV-2 infection and its imaging manifestations. A
common mechanism for multiorgan dysfunction in the disease
has not yet been identified, though viral mechanisms of cellular
entry and replication through exploitation of the angiotensinconverting enzyme 2 receptor are now defined. The angiotensinconverting enzyme 2 receptor is widely distributed.17 Viral invasion of endothelial cells, and an immune response to this, has
been reported in diverse vascular beds in patients with COVID19.18 The SARS-CoV-2 virus has been identified in postmortem
human brains, which suggests the possibility of viral tropism to
cerebral vascular beds. Microvascular thrombosis and prothrombotic complications are recognized as crucial aspects of disease
progression.19,20 The correlation that we describe between acute
kidney injury and neuroimaging findings may indeed reflect the
involvement of vascular beds in different organs, with viral or
immune-mediated disruption of the neurovascular unit21 underpinning the diverse range of neuroimaging findings in these
patients. These mechanisms are speculative and in need of additional study.
Previous studies on patients with COVID-19 infection have
demonstrated an association between obesity and higher rates of
hospitalization and mortality.22-25 We investigated the possible
relationship between a higher body mass index and the development of acute neurologic abnormalities in our cohort but found
no significant association. One of the hypotheses for increased severity of COVID-19 infection in patients who are obese is the
impediment of diaphragmatic excursion due to obesity.25 The
lack of a significant association between obesity and intracranial
abnormalities in our cohort may be related, in part, to this physical mechanism, as opposed to a direct, tissue-based pathologic
link.
There are several limitations to this study, beyond the singlecenter, retrospective nature of it. First, we elected to use broad
and intuitive measures of disease severity (intensive care unit
admission, the need for intubation, acute kidney injury, and mortality) over the narrow range of reported inflammatory cytokines
(D-dimer, interleukin 2, interleukin 6, etc) and other biomarkers
that have been observed in patients with COVID-19 who were
admitted to intensive care units.26 This decision was based on the
ongoing uncertainty about the implications of these markers on
disease progression and outcome. The measures that we apply
are, in turn, readily applied clinically, but there may be additional
associations between acute neuroimaging manifestations of
COVID-19 and other organ system involvement, which are not
explored here. Second, our patient cohort is relatively small, and
it is possible that nonstatistically significant differences in clinical
parameters, such as the mortality rate and length of stay, may
achieve statistical significance with the inclusion of more patients.
However, much of the literature on COVID-19 infection and
associated neuroimaging findings has been in the form of case series and small cohort studies, and there is a responsibility to
report observed findings at these early stages of the COVID-19
experience to guide future research directions. It is also possible
that the true incidence of intracranial abnormalities is higher,
given that most of the patients only had CT imaging, which is

less sensitive than MR imaging to assess for subtle intracranial
abnormalities, including leukoencephalopathy and low-volume
infarctions. These possibilities are speculative. Third, we report
findings from a defined and narrow time period in patients who
were hospitalized and subsequently imaged for neurologic symptoms. The true burden of acute neuroimaging findings in the total
hospitalized and nonhospitalized COVID-19 patient population,
therefore, remains unknown.

CONCLUSIONS
The results of this study describe the spectrum of acute neuroimaging abnormalities observed in patients with COVID-19 that
occurred at a higher frequency than reported in other cohort series.
In addition, a correlation was found between acute neuro-imaging
abnormalities and several clinical parameters that reflect disease severity. Clinicians treating patients with COVID-19 who develop
worsened systemic disease, including acute kidney injury, with any
neurologic signs or symptoms should be aware of these findings
and obtain neuroimaging studies based on this association and the
therapeutic implications of acute intracranial disease.
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